Folding and unfolding kinetics of DNA hairpins in flowing solution by multiparameter fluorescence correlation spectroscopy.
Dynamic equilibrium between the folded and unfolded conformations of single stranded DNA hairpin molecules containing polythymine hairpin loops was investigated using simultaneous two-beam fluorescence cross-correlation spectroscopy and single beam autocorrelation spectroscopy. The hairpins were end-labeled with a fluorescent dye and a quencher, such that folding and unfolding of the DNA hairpin primary structure caused the dye fluorescence to fluctuate on the same characteristic time scale as the folding and unfolding reaction. These fluctuations were observed as the molecules flowed sequentially between two spatially offset, microscopic detection volumes. Cross-correlation analysis of fluorescence from the two detection volumes revealed the translational diffusion and flow properties of the hairpins, as well as the average molecular occupancy of the two volumes. Autocorrelation analysis of the fluorescence from the individual detection volumes revealed the kinetics of hairpin folding and unfolding, with the parameters relating to diffusion, flow, and molecular occupancy constrained to the values determined from the cross-correlation analysis. This allowed unambiguous characterization of the folding and unfolding kinetics, without the need to determine the hydrodynamic properties by analyzing a separate control sample. The analysis revealed nonexponential relaxation kinetics and DNA size-dependent folding times characteristic of dynamic heterogeneity in the DNA hairpin-forming mechanism.